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57] ABSTRACT

A solar cell having self-aligned metal electrodes and under-
lying relatively deep emitter regions joined by relatively
shallow emitter regions under the surface not covered by the
clectrodes 1s formed 1n a semiconductive substrate by form-
ing relatively shallow p+ and n+ diffusion regions on the
front and back surfaces, respectively, of a silicon semicon-
ductive substrate, screen printing aluminum onto the front
surface of the substrate 1n a desired electrode pattern, heat
treating the developing cell to form the relatively deep p+
type emitter regions underneath the electrode pattern, while
orowing an oxide passivation layer over the uncovered
portions of the substrate surface, applying an antireflective
coating to the front surface in the regions not covered by the
clectrodes, and screen printing silver over the electrodes on
the front surface and over the back surface of the solar cell.
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STRUCTURE AND FABRICATION PROCESS
FOR SELF-ALIGNED LOCALLY DELEP-
DIFFUSED EMITTER (SALDE) SOLAR CELL

CROSS-REFERENCE TO PROVISIONAL
APPLICATION

This application claims priority based on Provisional
Application Ser. No. 60/004,833 filed Oct. 5, 1995, for
STRUCTURE AND FABRICATION PROCESS FOR
SELF-ALIGNED LOCALLY DEEP-DIFFUSED EMIT-
TER (SALDE) SOLAR CELL.

BACKGROUND OF THE INVENTION

This ivention relates to the field of solar cells for
converting solar energy into electrical energy. More
particularly, this invention relates to solar cells having front
and back electrodes.

Solar cells comprising semiconductor devices employing
the photovoltaic effect for converting solar energy into
clectrical energy have long been known. A typical solar cell
comprises a semiconductive substrate provided with metal
electrodes on one or more surfaces of the substrate, the
clectrodes being electrically connected to the substrate at the
surface. The vast majority of solar cell designs incorporate
a p-n junction within the semiconductive substrate for
separating the electrons and holes generated within the body
of the semiconductive substrate 1n response to the incidence
of solar radiation. The metal electrodes are characterized as
cither the p-type electrode, used to collect the holes or the
n-type electrode, used to collect electrons. In a single-sided
solar cell, both types of electrodes are located on a single
major surface of the substrate. In a double-sided solar cell,
the electrodes of one type are located on one major surface
of the substrate, while the electrodes of the other type are
located on the other major surface of the substrate. A
common double-sided cell configuration provides a single
common eclectrode on the back surface of the cell and a
plurality of electrodes on the front surface of the cell. This
plurality of electrodes 1s made up of a plurality of essentially
metal stripes ohmically interconnected by means of a bus
bar stripe. Common materials for the front surface electrodes
are silver, applied by a screen-printing process, or successive
layers of titanium, palladium, and silver, applied by a metal
evaporation process. In rare cases, aluminum has been used
as the front surface electrode material, and the aluminum 1s
alloyed with silicon. Known techniques for forming the
aluminum stripes 1nclude evaporating aluminum onto the
cell surface using a patterned mask, applying liquid alumi-
num to the cell surface and screen printing a mixture of
aluminum and glass frit onto the cell surface in the stripe
pattern. This last technique (screen printing), while
convenient, suffers from the disadvantage of introducing
high electrical resistance within the electrodes, since glass
frit 1s a good electrical insulator. This disadvantage 1is
particularly severe when the glass frit accumulates at the
interface between the substrate material (typically silicon)
and the aluminum alloy contact electrode. The actual loca-
fion of the glass frit after formation of the electrode 1is
dependent upon the details of the processing employed, and
the process typically requires a temperature time spike to

achieve effective alloying without excessively segregating
the glass frit at the interface. This requirement adds com-
plexity to the electrode formation process, which 1s unde-
sirable. Typically, the non-contacted surfaces between the
metal stripes on the cell are passivated using some type of
thermal oxide, such as one of the oxides of silicon.
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Electrons and holes can recombine at the illuminated
surface of the semiconductive substrate or within the bulk of
the material. Any such recombination of electrons and holes
results 1n a reduction 1n solar cell conversion efficiency, and
1s thus highly undesirable. Recombination at the 1lluminated
surtface of the semiconductor substrate can occur 1n both the
metal-electrode contacted region and the region not covered
by the metal electrode.

Techniques have been explored for reducing the occur-
rence ol electron-hole recombination at the illuminated
semiconductor surface. For the metal-contacted region, the
emitter of the p-n junction underlying the metal electrodes
should be doped in a preferred range of 1x10"” cm™ to
1x10*" cm™, but workable devices can be made doped from
1x10" em™ to 5x10°" ¢cm™ (termed at least moderately
doped herein) and the junction should be relatively deep
(e.g. 22 um) within the substrate. In contrast, for the
non-contacted regions between the metal electrodes and
under the passivated surface, the emitter portion of the p-n
junction should be doped to a concentration of no greater
than about 5x10™® ¢cm™ (termed lightly doped herein) and
the junction should be relatively shallow (for example, about
0.2 um) within the substrate. Unfortunately, these two tech-
niques pose conflicting requirements for doping the region
adjacent the illumination surface of a solar cell. Although
these opposing requirements can be i1mplemented, the
required processing 1s costly and complex, which results in
a relatively high cost per cell fabricated and relatively low
yield of acceptable functioning solar cells. For example, for
high efficiency solar cells, the conflicting requirements of
the two recombination techniques have been addressed by
providing a second doped region under the electrode contact
arca. While this solution 1s effective, 1t requires two photo-
lithography processing steps, two separate diffusion condi-
tions for the emitter region, and an additional photolithog-
raphy step 1n order to align the electrode grid pattern to the
deeply diffused junction, all of which add substantial cost to
the manufacturing process. Consequently, this solution 1s not
consistent with the requirement of low cost for the fabrica-
tion of silicon solar cells for many applications.

In addition to the problems imposed by the electron-hole
recombination phenomenon, another problem affecting the
doping process involves silicon surface passivation. In
particular, an effective silicon surface passivation requires a
lightly-doped emitter since the observed surface recombi-
nation velocity increases with the surface doping concen-
tration. Efforts to date to provide a low cost solar cell with
effective reduction of electron-hole recombination have not
met with success.

SUMMARY OF THE INVENTION

The 1nvention comprises a solar cell with reduced
clectron-hole recombination performance, relatively high
ceficiency including relatively low electrode resistance,
which can be fabricated at relatively low cost using simpli-
fied fabrication techniques resulting in relatively high yield.

From an apparatus standpoint, the 1nvention comprises a
solar cell comprising a semiconductive substrate having first
and second surfaces, a first plurality of emitter regions
formed 1n one of the first and second surfaces to a relatively
shallow depth preferably with a relatively low dopant
concentration, a second plurality of emitter regions formed
in said one of the first and second surfaces to a substantially
orcater depth than the first plurality of regions preferably
with a relatively higher dopant concentration than the first
plurality of regions, the first and second plurality of regions
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being interspersed, a dopant region formed 1n the second one
of the first and second surfaces for providing a back surface
field, an ohmic contact formed over the dopant region, and
a first patterned ohmic electrode layer containing aluminum
formed over the second plurality of emitter regions. The
semiconductor substrate preferably comprises n-type doped
silicon, and the first plurality of emitter regions are prefer-
ably formed using a p+ type dopant material, such as boron.
The second plurality of emitter regions 1s preferably formed
from a p+ type dopant material comprising either pure
aluminum or an alloy of aluminum and silicon. The dopant
region formed in the second one of the substrate surfaces is
preferably formed using an n+ type dopant material, such as
phosphorus.

The depth of the shallow emitter regions 1s preferably no
oreater than about 0.2 um, and the dopant concentration 1is
preferably no greater than about 5x10'® cm™. The minimum
depth of the second plurality of deep emitter regions 1s about
2 um, and the dopant concentration 1s preferably in the range

from about 1x10'® ¢cm™ to about 5x10°' ¢cm™.

The cell 1s preferably provided with a second patterned
layer of a solderable ohmic material, such as silver, over the
first patterned ohmic electrode layer. A passivation layer 1s
preferably formed on the one of the first and second surfaces
in regions between the first patterned ohmic contact layer.
An antireflective layer 1s preferably formed over the passi-
vation layer.

From a process standpoint, the invention comprises a
method of fabricating a solar cell having self-aligned locally
deep-diffused emitters, the method including the steps of
providing a semiconductive substrate having first and sec-
ond surfaces, forming a relatively shallow emitter region of
a first conductivity type 1n one of the first and second
surfaces, forming a relatively shallow field region of a
second conductivity type 1n the other one of the first and
second surfaces, providing a patterned layer containing
alummum on the one of the first and second surfaces,
heating the substrate to form a plurality of relatively deep
emitter regions of the first conductivity type in the substrate
in regions underlying the patterned layer, and providing an
ohmic contact to the other one of the first and second
surfaces.

The relatively shallow emitter regions are preferably
formed using a p+ type dopant material, while the relatively
shallow field region 1s preferably formed using an n+ type
dopant material.

The step of forming the relatively shallow emitter region
1s preferably conducted in order to provide emitter regions
having a depth no greater than about 0.2 #m and a dopant
concentration not greater than about 5x10™® cm™. The step
of heating the substrate 1s preferably conducted 1n order to
provide emitter regions having a mimnimum depth of about 2
um and a dopant concentration in the range from about

1x10'® ¢cm™ to about 5x10°! cm™.

The step of providing a patterned layer containing alu-
minum may be conducted with either pure aluminum or a
mixture of aluminum and silicon screen printable pastes in
order to control the depth of the deeply-diffused emitter
regions. The method may be optionally conducted to provide
an ohmic patterned layer of a solderable material, such as
silver, over the patterned layer containing aluminum; to
form a passivation layer over the one of the first and second
surfaces 1n regions not covered by the patterned layer; and
forming a layer of anfireflective material over the passiva-
fion layer.

The 1nvention provides a number of advantages over
known solar cells. The combination of deep, at least mod-
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4

crately doped emitter regions under the electrodes and
shallow lightly doped emitter regions under the exposed
non-contacted regions acts to minimize recombination of
holes and electrons 1n a functioning solar cell. The use of
aluminum as a screen printable paste with or without frit or
in a pure form (e.g. evaporated aluminum) can provide a
positive contact ohmic electrode material and supply a
gettering agent to remove 1mpurities and enhance the bulk
lifetime, all n a single process step. The ohmic metal
contacts to the deep-diffused emitter regions are seltf-aligned
during the heat treat process step, which eliminates any
additional photolithography steps formerly required in
known devices. The fritless aluminum eliminates the prob-
lem of higher electrical resistance encountered in prior art
devices employing a mixture of aluminum and glass frit. The
application of the solderable material over the contact elec-
trodes facilitates the interconnection of a plurality of cells
together. The 1nvention also provides a solar cell which 1s
tolerant of a non-uniform emitter, since the aluminum elec-
trodes dope the underlying silicon p-type.

For a fuller understanding of the nature and advantages of
the invention, reference should be made to the ensuing
detailed description, taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a preferred embodiment of
the mvention;

FIG. 2 1s a bottom plan view of the FIG. 1 embodiment;

FIG. 3 1s an enlarged sectional view of the FIG. 1
embodiment 1llustrating the junctions;

FIGS. 4A—4F are schematic sectional views 1llustrating,
the fabrication of the FIG. 1 embodiment;

FIG. 5 15 a top plan view showing an alternate top contact
arrangement; and

FIG. 6 1s a bottom plan view showing an alternate bottom
contact arrangement.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Turning now to the drawings, FIG. 1 1s a perspective view
of a single solar cell 10 incorporating the invention. As seen
in this figure, the solar cell comprises a substrate 12 of a
suitable semiconductive material, such as Sb-doped n-type
silicon. Deployed on the upper, front illumination surface of
substrate 12 1s an electrode structure comprising a plurality
of individual stripes or fingers 14 ohmically iterconnected
along one end by means of a bus bar 15. Stripes 14 and bus
bar 15 are preferably fabricated from aluminum with an
overcoat of a solderable ohmic material, such as silver, as
described below. Located along the lower, back surface of
substrate 12 is a back electrode 17 (shown in full in FIG. 2),
which 1s preferably composed of silver. Electrical connec-
tion to the cell 10 1s made via bus bar 15 and back electrode
17. A passivation layer 18 of a suitable oxide material, such
as S10,, 1s formed 1n the areas between stripes 14 along the
top surface of substrate 12. The passivation layer also
extends about the circumierence of substrate 12 1n the region
between the top and bottom surfaces thereof.

Positioned on top of the passivation layer 18 1s a coating,
19 of a suitable antireflective material, such as titanium
oxide. A silver layer 20 1s located or positioned on top of the
metal stripes 14 and the bus bar 15 1n order to provide better
ohmic contact with external circuitry.

With reference to FIG. 3, the ematter structure of the solar
cell comprises relatively deep emitter regions 21 underlying
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the metal electrode stripes 14 and relatively shallow emitter
regions 22 underlying the regions of the substrate 12 surface
not covered by the electrode stripes 14 and underlying the
passivation layer 18. In the preferred embodiment, the
emitter regions 21, 22 are p+ regions formed 1n the n-type
substrate 12, thereby forming p-n junctions along the bound-
aries between the emitter regions 21, 22 and the substrate 12.
The relatively deep regions 21 are at least moderately doped
(~10"® cm™) p-type using aluminum as the dopant material
and preferably extend to a depth from the top surface in the
range from about 2 to about 10 um. The range of dopant
concentration for relatively deep regions 21 1s from about
1x10" ecm™ to about 5x10*" cm™. The relatively shallow
emitter regions 22 are relatively lightly doped (i.e., no
greater than about 5x10'® cm™) and extend to a depth from

the top surface of substrate 12 no more than about 0.2 um.

FIGS. 4A-4F illustrate the process for fabricating the
solar cell shown 1n FIGS. 1-3. With reference to FIG. 4A,
an n-type silicon substrate 12, preferably dendritic web
silicon doped n-type with antimony, 1s first provided. Next,
as shown 1n FIG. 4B, p+ and n+ layers are diffused into the
upper and lower surfaces, respectively, of substrate 12. The
p+ and n+ diffused layers are formed using any one of
several known techniques, such as simultaneous front and
back diffusion from a liquid dopant source using rapid
thermal processing. The p+ dopant 1s preferably boron,
while the n+ dopant 1s preferably phosphorus. The p+ layer
creates the emitter for the cell and the n+ layer creates a
back-surface field 25 to repel holes from the ohmic contact
to the base. The back n+ layer also promotes ohmic contact
to the negative contact metal electrode 17.

Next, fritless aluminum 1s screen printed over the front
surface area in the FIG. 1 pattern, forming stripes 14 which
are nominally 100 um wide and spaced apart by approxi-
mately 1000 um, and bus bar 15. The fritless aluminum may
comprise pure aluminum as well as an aluminum/silicon
alloy 1n which the silicon concentration 1s less than that
required to form a eutectic composition. The result of this
screen printing step 1s 1llustrated 1n FIG. 4C.

Next, the developing cell 1s heat treated at a temperature
in the range from approximately 570° C. to about 1100° C.
During this critical heat treat step, the aluminum alloys with
the silicon (liquid phase) to a depth determined by the
thickness of the aluminum originally deposited and 1n accor-
dance with the known aluminum/silicon phase diagram.
Next, the temperature 1s lowered and the silicon regrows by
liquid phase epitaxy until the eutectic temperature (577° C.)
1s reached. The regrown silicon 1s doped p-type with the
aluminum in a concentration of about 10" c¢m™. The
required p-n junction 1s formed as the aluminum concentra-
fion exceeds the donor concentration in the starting silicon,
and the eutectic alloy (88.7% aluminum and 11.3% silicon,
by weight) remains on the surface to serve as a contact to the
p-type silicon. If the heat treatment 1s done 1n an oxygen
ambient, a thin layer 18 of silicon dioxide 1s grown to a
thickness of about 100 A on the front surface of the substrate
12 to passivate the surface and thereby reduce surface
recombination. In the absence of an oxygen ambient, a
passivation layer can be separately provided. The result of
the heat treat processing 1s illustrated in FIG. 4D. It 1s
important to note that this one process step creates a deep
emitter under the grid, a contact to the deep diffused emitter,
and oxide passivation of the exposed emitter surface and the
sides of the cell.

Next, a suitable antireflective (AR) coating 19, such as
fitantum oxide, 1s applied on the front surface of the devel-
oping cell using a technique such as atmospheric pressure
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chemical vapor deposition. The result of this process step 1s
shown 1 FIG. 4E.

FIG. 5 1llustrates an alternate surface contact arrangement
for the top or front surface of a solar cell 10. As seen 1n this
figure, a pair of relatively wider bus bar stripes 31 overlies
the ohmic overlayer fingers 20 on the top surface of cell 10.
Bus bar stripes 31 facilitate the interconnection between
adjacent cells, which 1s normally deemed desirable in fab-
ricating multiple cell structures.

FIG. 6 illustrates 1n plan view an alternate ohmic contact
pattern for the bottom or back surface of cell 10. As seen 1n
this figure, the single solid ohmic back electrode 17 of the
FIG. 2 embodiment 1s replaced with a patterned overlayer of
ohmic contact material, such as silver. This patterned over-
layer includes relatively narrow conductive lines 33 extend-
ing across the width of the bottom of cell 10, relatively
narrow conductive lines 34 extending along the length of the
bottom surface of cell 10 and ohmically connected to
conductive lines 33, a pair of relatively broad conductive
secgments 36 extending across the width of the bottom
surface of cell 10, and a central double cross shaped rela-
tively broad conductive pattern 37. Conductive segments 36
are used to facilitate ohmic interconnection among a plu-
rality of cells 10: pattern 37 provides a convenient external
voltage probe contact when testing a given cell. The use of
the pattern of FIG. 6 provides ample ohmic contact to the
back surface of cell 10 while using substantially less ohmic
conductive material. For example, 1n one cell embodiment
silver contact material 1s used and covers approximately
one-third of the surface area of the bottom surface of cell 10.
In addition to reducing the amount of ohmic contact material
required, the openings between the conductive lines in the
FIG. 6 arrangement permits light photons to pass entirely
through the cell, which results 1n lower operating tempera-
tures and 1s thus desirable. Further, use of the FIG. 6 pattern
has been found to substantially reduce individual cell warp-
ing which 1s sometimes encountered with the single solid
back contact arrangement 17 illustrated in FIG. 2.

Next, an ohmic conductive metal layer 17 1s screen
printed and fired onto the back surface to form the bottom
clectrode and an overlayer 20 of solderable material such as
silver 1s screen printed and fired on top of the aluminum
clectrode pattern 14, 15 on the front surface. The finally
finished cell 1s 1llustrated 1n section 1n FIG. 4F.

Solar cells fabricated according to the teachings of the
invention afford a number of advantages. Firstly, the com-
bination of deep moderately doped emitter regions under the
clectrodes and shallow lightly doped emitter regions under
the exposed non-contacted regions acts to minimize recom-
bination of holes and electrons in a functioning solar cell. In
addition, the use of fritless aluminum enables the formation
of the relatively deep emitter regions, provides a positive
contact ohmic electrode material and supplies a gettering
agent to remove 1mpurities and enhance the bulk lifetime, all
In a single process step. Importantly, the ohmic metal
contacts to the deep diffused emitter regions are self-aligned
during the heat treat process step, thereby eliminating any
need for additional photolithography steps to perform the
clectrode alignment required 1n prior art processing. Further,
by using fritless aluminum, the problem of higher resistance
encountered 1n prior art processes employing a mixture of
aluminum and glass frit 1s significantly reduced, thereby
simplifying the heat treat process step. Further, the applica-
tion of the solderable metal (e.g. silver layer 20) over the
aluminum alloy contact electrodes 14, 15 facilitates the
interconnection of many cells together 1n order to achieve a
higher power generation capability. Also, the use of the
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patterned bottom cell ohmic contact layer of FIG. 6 provides
cooler cell operation, substantially reduces cell warping, and
consumes less ohmic contact material per cell. Lastly, the
mvention 1s tolerant of a non-uniform emitter, since the
aluminum electrodes dope the underlying silicon p-type. It
1s even possible for the emitter to have n-type 1slands within
the p-type region without deleterious effects.

Although the p-n junction at the boundary of deep emitter
regions 21 may be quite deep (i.e., in the range from about
2 to about 10 um), since this junction is under the electrodes
14 only, it screens the base of the solar cell from the contact
metal and 1s therefore beneficial. The depth of the alloy
junction can be controlled by using an aluminum/silicon
alloy as the screen printed material mstead of pure alumi-
num. In general, as the silicon concentration 1n such an alloy
1s 1ncreased toward the eutectic composition, the amount of
silicon that the printed aluminum can dissolve decreases. As
a consequence, the depth of the finished junction also
decreases.

In addition, the minority carrier lifetime will increase in
web silicon as the point defects that are quenched 1n during,
crystal growth are annealed during the heat treating step of
the process. The minority carrier lifetime will also increase
in other forms of silicon than dendritic web silicon because
of the phenomenon of impurity gettering associated with the
aluminum-silicon alloying process. Having the relatively
deep p+ region 21 1mmediately adjacent the relatively
shallow p+ region 22 provides the benefit of having a deep
and moderately doped emitter under the grid and a shallow
and lightly doped emitter under the passivation layer 18.

The following 1s a specific example of solar cells fabri-
cated according to the teachings of the invention. Dendritic
web silicon strips 10 cm long and 2% cm wide by 100 yum
thick were simultaneously diffused after dopant application
(phosphorus and boron on opposite sides of the web strips)
in a rapid thermal processing system. Aluminum paste with
no glass frit was printed on the emitter side of the web strips
to a thickness of 15 um and fired at 800° C. for 60 seconds
in a belt furnace with an air ambient. SEM pictures of the p+
diffused layer under the aluminum paste showed a junction
depth of 2.4-5 um. The fabricated solar cell had a single
layer titanium oxide antireflective coating. Measured param-
eters for the best cell (25 cm squared area) indicated a short
circuit current of 27.46 mA/cm squared and open circuit
voltage of 0. 586 V, a fill factor of 0.756, and an energy
conversion efficiency of 12.17%. Although thls ProCess was
not optimized to obtain high efficiency, the fill factor of
0.756 1s considered respectable for screen printed solar cells.

While the above provides a full and complete disclosure
of the preferred embodiments of the invention, various
modifications, alternate constructions and equivalents may
be employed, as desired. For example, while the imnvention
has been described with reference to rectangular geometry,
other geometries such as circular may be employed, as
desired. In addition, while specific oxide and antireflective
coatings have been indicated, other oxides and other anti-
reflective substances may also be employed. Therefore, the
above description and illustrations should not be construed
as limiting the scope of the invention, which 1s defined by
the appended claims.

What 1s claimed 1s:

1. A solar cell comprising;:

an n-type semiconductive substrate having a front surface
and a back surface;

a first plurality of emitter regions formed in said front
surface to a relatively shallow depth with a relatively
lightly doped p-type concentration;
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a second plurality of emitter regions formed 1n said front
surface to a substantially greater depth than said first
plurality of regions with an at least moderately doped
p-type concentration, said first and second plurality of
regions being imterspersed;

a dopant region formed 1n said back surface for providing
a back surface field;

an ohmic contact formed over said dopant region; and

a first patterned ohmic electrode layer containing alumi-
num formed over said second plurality of emitter
regions.

2. The solar cell of claim 1 wherein said first plurality of

p-type emitter regions 1s fabricated using boron.

3. The solar cell of claam 1 wherein said second plurality
of p-type emitter regions 1s fabricated using aluminum.

4. The solar cell of claim 1 wherein said second plurality
of p-type emitter regions 1s fabricated using an alloy of
aluminum and silicon.

5. The solar cell of claim 1 wherein said dopant region 1s
formed using an n+ type dopant material.

6. The solar cell of claim 5 wherein said dopant material
1s phosphorus.

7. The solar cell of claim 1 wherem said first plurality of
emitter regions has a depth no greater than about 0.2 um.

8. The solar cell of claim 1 wherein said first plurality of
emitter regions has a concentration not greater than about
5x%10™ cm™.

9. The solar cell of claim 1 wherein said second plurality
of emitter regions has a mimimum depth of about 2 um.

10. The solar cell of claim 1 wherein said second plurality
of emitter regions has a concentration no less than about
1x10" em™.

11. The solar cell of claim 1 wherein said ohmic contact
1s formed from silver.

12. The solar cell of claim 1 further including a second
patterned layer of a solderable ohmic material formed over
said first patterned ohmic electrode layer.

13. The solar cell of claim 12 wherein said solderable
material 1s silver.

14. The solar cell of claim 1 further including a passiva-
tion layer formed on said one of said first and second
surfaces 1n regions between said first patterned ohmic con-
tact layer.

15. The solar cell of claim 14 further including an

antireflective layer formed over said passivation layer.

16. A method of fabricating a solar cell having self-
ahgned locally deep-diffused emitters, said method compris-
ing the steps of:

(a) providing an n-type semiconductive substrate having
a front surface and a back surface;

(b) forming a relatively shallow p-type emitter region in
said front surface;

(c) forming a relatively shallow n-type field region in the
back surface;

(d) providing a patterned layer containing aluminum on
said front surface;

(¢) heating said substrate to form a plurality of relatively
deep p-type emitter regions in said substrate 1n regions
underlying said patterned layer; and

(f) providing an ohmic contact to said back surface.

17. The method of claim 16 wherein said relatively
shallow field region i1s formed using an n+-type dopant
material.
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18. The method of claim 16 further including the step of
applying an ohmic patterned layer over said patterned layer
containing aluminum.

19. The method of claim 16 further including the step of
forming a passivation layer over said front surface 1n regions
not covered by said patterned layer.

20. The method of claim 16 further including the step of
forming a layer of antireflective material over said passiva-
tion layer.

21. The method of claim 16 wherein said step (b) of
forming 1s conducted to provide emitter regions having a
depth no greater than about 0.2 um.

22. The method of claim 16 wherein said step (b) of
forming 1s conducted to provide emitter regions having a
dopant concentration not greater than about 5x10™® cm™.
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23. The method of claim 16 wherein said step (¢) of
heating 1s conducted to provide emitter regions having a
minimum depth of about 2 um.

24. The method of claim 16 wherein said step (¢) of
heating 1s conducted to provide relatively deep emitter
regions having a dopant concentration no less than about
1x10"® em™.

25. The method of claim 16 wherein said step (d) of

providing 1s conducted with pure aluminum.

26. The method of claim 16 wherein said step (d) of
providing 1s conducted using a mixture of aluminum and
silicon.




	Front Page
	Drawings
	Specification
	Claims

